The effect of chemical form and diet on manganese retention was studied in rats using two diets. The corn-skim milk low-manganese diet was fed to three groups of male, weanling albino rats and a purified manganese-free casein-dextrose diet was fed to three other groups. After 7 days on the diets one group on each diet received orally either SaMnCl2, SaMnCl2 plus carrier manganese as MnC12 in the dose, or S4MnCO3 which contained MnCO3 as a carrier in the dose. The third day after dosing, the rats were sacrificed and samples of liver, kidneys, semitendinosus muscle and tibia were taken for S4Mn and stable manganese analysis.
Introduction
Orally administered manganese absorption values have been observed to be around 3 to 4% in the rat (Greenberg et al., 1943) and approximately 1% in the bovine animal (Sansom et al., 1976) . However, the availability of manganese apparently depends somewhat on the types of Mn compounds fed (Watson et al., 1971; Kayongo-Male et al., 1974; Bandemer et al., 1940) and on other dietary components such as the calcium and phosphorus contents (Schaible and Bandemer, 1942; Wilgus and Patton, 1939; Fournier and Fournier, 1972) . However, homeostatic mechanisms maintain tissue manganese at remarkably constant levels (Underwood, 1977; Miller, 1979) . Organ weights also normally remain relatively constant (Brody, 1945) . Studies of such effects with radioactive manganese, however, almost always have employed SaMnC12. Other forms of SaMn are not routinely available from commercial suppliers of radioactive manganese.
An objective of this study was to produce SaMncO3 from S4MnC12 and to use these compounds with widely differing solubilities with two different diets to study the effects on manganese metabolism. A second objective was to observe the effect of the diets on weights of certain organs.
Materials and Methods
Preparation of Radioactive Manganese. The S4MnCO3 was prepared by reacting SaMnCl2 (in .5N HC1) with .01 g MnCI2 "4H20, NaHCO3 and CO2 (Durrant and Durrant, 1962 The S4Mn doses were prepared by three procedures: the S4MnCl2 groups received sufficient S4MnCl2 pipetted onto and mixed with enough of the purified diet to give 11.11 btCi S4Mn per gram (dose) of the diet carrier. One S4MnCl2 group on each diet received only S4MnCl2. The dose for the second S4MnCl2 group on each diet was prepared in the same manner except that sufficient stable MnCI2 was added to give 2.87 ppm Mn in the dose of the carrier diet. The addition of the stable MnC12 was to make the amount of stable manganese received by the second S4MnC12 group on each diet (2.87 ppm) the same as that resulting from the S4MnCO3 group on each diet.
Experimental Treatments. Forty-eight male weanling albino rats weighing between 35 and 50 g were allotted at random to six groups of eight rats each. The rats were maintained individually in stainless steel cages and were given redistilled water ad libitum in glass bottles with stainless steel sipper tubes. Three groups received a purified manganese-free diet and three groups received a corn-dried skim milk lowmanganese diet. One group on each diet received either S4MnC12, S4MnC12 plus 2.87 ppm manganese as MnC12 in the dose; or S4MnCO3 which contained 2.87 ppm manganese as MnCO3 in the dose. The contents of the cornskim milk and purified diets are shown in table 1. Spectrographic analyses of both diets are listed in table 2 (Jones and Isaac, 1969) . Feed intake was restricted to a maximum of 10 g per rat daily and total average feed intake was 9.3 g per day. The average weight of the rats at the end of the study was 103.1 g with no significant (P<.05) difference in gains among the groups.
The rats were fed their respective diets for 7 days, then dosed with 1 g of their respective carrier diet (11.1 1/JCi s 4 Mn) mixed with 4 g of their normal diet. This resulted in almost complete consumption of every dose. To determine the net dose, each dose was counted before feeding and then any residue was recounted and the difference used to establish the net dose.
4 Model 709, Baird Atomic, Inc., Cambridge, MA.
On the third day after dosing, each rat was anesthetized, killed by exsanguination and tissue samples taken for 54Mn analysis. Samples taken were the liver, kidneys, semitendinosus muscle and tibia. After exsanguination, and blotting of the tissues as they were taken, no significant amount of blood remained in the organs or tissues. The s 4 Mn analyses were made using an automatic gamma ray scintillation spectrometer using a NaI (TI) well crystal. 4
The data were analyzed as a 2 • 3 factorial design with two types of diets and three manganese treatments as fixed variables. No significant interactions were present so the data were subjected to analysis of variance according to procedures described by Steel and Torrie, 1960 . Treatment mean differences were ascertained by Duncan's Multiple Range Test (Duncan, 1955) , after the treatment variances were analyzed for homogeneity.
Results
Chemical form had no significant effect on absorption or tissue distribution of the S4Mn. Tissue s 4 Mn contents from the insoluble carbonate were almost the same as from the soluble chloride (tables 3 and 4). The 2.87 ppm stable manganese used to carry the dose in the 1 g of diet caused some but usually not a significant increase in the tissue stable manganese contents, especially in rats fed the purified diet (table 5).
Diet had a large effect on the 54Mn content of the tissues (table 3 and 4). For example, as percentage of the S4Mn dose per whole organ or sample, rats fed the corn-skim milk diet and dosed with S4MnCl2 without the Mn carrier had 32 times as much SaMn in the tibia as rats on the purified diet and dosed with S4MnC12 without the Mn carrier. The differences in s 4 Mn were many-fold between the two diets in every tissue studied with both forms of S4Mn administered.
Rats fed the corn-skim milk diet had materially higher tissue stable manganese levels than those given the purified diet (not significant in every case in the kidney). For example, liver manganese in rats fed the corn-skim milk diet was many-fold that of rats given the same radioactive dose but fed the purified diet (table  5 ). In table 6 it is shown that rats fed the cornskim milk diet, even with the increased stable manganese had specific activities (% S4Mn dose/mg stable manganese) in the liver and kid- ney substantially greater than those in rats given the purified diet (not significant in every case in the liver). Due to the large differences between diets in this experiment, a follow-up experiment was performed with six rats fed the same corn-skim milk diet and six the same purified diet as in the first experiment. The rats were maintained the same as in the first experiment and S4MnCO3 was administered under the same time schedule. Again diet had a major effect upon s 4 Mn retention as rats fed the corn-skim milk diet had many times the S4Mn in their livers and kidneys than rats fed the purified diet.
On a weight-adjusted basis, both liver and kidney weights were significantly (P<.05) greater in rats fed the purified diet than in rats given the corn-skim milk diet (table 7) . Liver weights ranged up to 26% higher on the purified diet. aFor convenient size numbers, % dose has been multiplied by 103 , e.g,, the value for tibial S4Mn is ,028% of the dose.
b'C'dwithin the same tissue, treatment means not followed by the same letter are significantly different (P<.05).
estandard error of the treatment mean with eight rats per treatment.
Discussion
The effect of diet on both S4Mn and stable manganese retention is a most significant finding. All but a small percentage of the dietary manganese intake is normally excreted in the feces and very little is excreted in the urine (Underwood, 1977) . The low percentage absorption of manganese causes balance trials for the determination of absorption to result in large experimental errors and thereby often wrong interpretations (Miller, 1975) . Due to the large errors that arise in balance studies, retention values have been used to obtain the precision needed in studies of manganese utilization. Although there are factors that have been reported to affect manganese utilization (Schaible and Bandemer, 1942; Wilgus and Patton, 1939; Fournier and Fournier, 1972) , a'b'cwithin the same tissue, treatment means not followed by the same letter are significantly different (P<.OS).
dstandard error of the treatment mean with eight rats per treatment. a'b'c'dwithin the same tissue, treatment means not followed by the same letter are significantly different (P<.O5).
homeostatic mechanisms have usually maintained relatively stable levels of tissue manganese (Underwood, 1977; Miller, 1979) . For example, increasing dietary manganese by 500-fold only elevated liver manganese by twothirds (Abrams et al., 1976) . In contrast, in the present study, rats fed the corn-skim milk diet had several times as much liver stable or radioactive manganese as rats fed the purified diet. It should be noted that, by analysis, both the corn-skim milk and the purified diets contained less than 1 ppm stable manganese. Thus, some aspect of the corn-skim milk diet must have a major effect on the manganese retention and(or) a factor, or factors, in the purified diet is having an opposite effect. One important difference between the two diets was a high amount of lactose in the corn-skim milk diet (table 1) . Fournier and Fournier (1972) suggest that lactose may increase manganese absorption.
Calcium and phosphorus levels have an effect on S4Mn absorption (Lassiter et al., 1972) . In their study liver stable manganese was onethird higher in rats given low calcium diets (.1%). Dietary calcium thus does not appear to be the explanation since in the present study the skim milk diet, which increased liver manganese contained the higher calcium level. The calcium-phosphorus ratios in the two diets were also similar.
An explanation for the significantly higher liver and kidney weights in rats fed the purified diet is not apparent. Tissue weights, on a weight adjusted basis, seldom vary significantly in normal animals (Brody, 1945) .
The insoluble carbonate form of manganese was as available as the soluble chloride. This a'bwithin the same tissue, treatment means not followed by the same letter are significantly different (P<.OS).
CStandard error of the treatment mean with eight rats per treatment.
observation agrees with research reporting that different manganese chemical forms which differ in solubility are equally available to poultry and swine (Watson et al., 1971; Gallup and Norris, 1939; Kayongo-Male et al., 1974) . However, MnSO4 dissolved in water caused tibias of chicks to have twice as much manganese as those given the same amount of manganese as the insoluble carbonate in the diet (B. D. King,
unpublisbed data).
Decreased S4Mn retention with increased stable manganese intake is well documented (Britton and Cotzias, 1966; Abrams et al., 1976; Carter et al., 1974) . However, the reason for both increased stable manganese values and increased specific activities of rats on the cornskim milk diet compared with rats on the purified diet is not clear. The higher retention observed in this study may have been due to higher absorption of manganese and(or) to lower endogenous excretion of manganese. The results strongly suggest that type of diet may greatly influence manganese retention and may even overcome homeostatic mechanisms which normally keep tissue manganese levels constant.
